Abstract Despite being first described two thousand years ago, the varicocele remains a controversial multifaceted disease process with numerous biological consequences including infertility, hypogonadism, and chronic orchidalgia. The underlying mechanisms remain poorly understood and likely include hypoxia, oxidative stress, hyperthermia, anatomical aberrations, and genetics as primary components. Despite a high prevalence amongst asymptomatic fertile men, varicoceles paradoxically also represent the most common correctable cause for male infertility. In this systematic review we discuss the rich historical aspects of the varicocele and the contemporary data regarding its clinical manifestations. We performed a systematic literature review with the goal of comparing outcomes and complication rates of each of the major surgical approaches as they relate to infertility and pain. We performed a Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA)-compliant systematic literature review for manuscripts focused on varicocele and its biological consequences. We identified 112 studies suitable for qualitative analysis and included 56 of these for quantitative analysis, with an emphasis on infertility and chronic pain outcomes. Taken together, the clinical work to date suggests that the highest fertility rates and the lowest complication rates are associated with the microsurgical subinguinal surgical approach to varicocelectomy. In all, 26-40% of patients undergoing varicocelectomy will successfully achieve short-term spontaneous pregnancy, and up to 90% of all patients undergoing varicocelectomy for pain
Introduction

Overview and epidemiology
A varicocele is defined as a dilated pampiniform plexus, the network of small veins responsible for venous drainage from the testicle and deep tissues of the hemiscrotum. This plexus is contiguous with the ipsilateral gonadal vein, which drains into the renal vein on the left and directly into the inferior vena cava on the right. As a result, the left renal vein is typically 8-10 cm longer and has a higher hydrostatic pressure; this explains the discrepancy in incidence between the left side (which accounts for 90% of all varicoceles) and the right side, which if tense and unilateral may be concerning for malignancy [1] . Epidemiologically, varicoceles are common and occur in 15% of the general male population ( Fig. 1) [2, 3] . Varicoceles typically develop during puberty. A large population-based study showed a prevalence of 0.92% in boys aged between 2 and 10 years and a dramatic rise to 11% in boys aged 11-19 years [4] . Men presenting with infertility have an even higher prevalence, ranging from 35% for men presenting with primary infertility [5] to 45-81% for those presenting with secondary infertility [5, 6] .
Historical perspective
The initial description of the varicocele was published nearly 2000 years ago by Celsus, who stated that 'The veins are swollen and twisted over the testicle, which becomes smaller than its fellow, in as much as its nutrition has become defective' [7] . Ambroise Pare´in 1550 described 'a dilatation of a vein, filled with melancholy blood, and often growing in men of melancholy temper' [2] . Nearly 300 years later, the French surgeon Delpech was murdered by a disgruntled patient who underwent bilateral varicocele repair and developed testicular atrophy [8] . It would take yet another 100 years before the varicocele was recognised and treated as a potential source for infertility, when Tulloch, a Scottish surgeon, published his first series of 30 patients in 1955 [9] . In his manuscript, he describes an azoospermic gentleman with bilateral varicoceles who underwent varicocelectomy and postoperatively was noted to have a sperm count of 27 million and went on to father a child. Since then, hundreds of manuscripts have been published describing various surgical approaches, biological effects, and indications for repair for this multifaceted disease process. In this review article, we summarise this knowledge base via a systematic review and identify the historical and contemporary aspects of the diagnosis and management of varicoceles. We also report a quantitative summary of the outcomes to date in the modern era for both infertility and pain outcomes stratified by surgical approach.
Methods
This article presents a systematic review of previously published studies; therefore, ethical approval and written informed consent from patients was not required. This research was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) statement. We performed a comprehensive literature review for the years 1995-2017 via PubMed and Cochrane Library. The review was consistent with the PRISMA criteria. (Fig. 2) .
Results
Following the literature search and application of exclusion criteria, 112 studies were included in the final qualitative synthesis (Fig.2) . Of these, 56 were used to perform a quantitative analysis with a focus on postoperative outcomes stratified by indication and by surgical approach.
Biological consequences Pain
Varicoceles are typically asymptomatic, but 10% will present with a chief complaint of scrotal pain [10] . The pain is typically a heavy full pain that is worse with standing or heavy activity. The pain can be subacute or chronic and can be bilateral or unilateral. Regardless of the specific presentation, scrotal pain must be adequately investigated to exclude acute pathology and then subsequently managed appropriately. 
Testicular atrophy
Varicocele-associated testicular atrophy was first described in detail by Lipshultz and Corriere [11] in 1977, and subsequently confirmed with multiple studies with a prevalence of 10% [4] . Atrophy is commonly defined as a >10% decrease in volume compared to the contralateral testis, or in the case of bilateral insults, a decrease in size below the expected testicular volume based upon age and Tanner stage.
Infertility
Nearly 10% of men visit a medical professional for infertility evaluation during their reproductive years, and the most common identified correctable cause of infertility within this population is the presence of a varicocele [12, 13] . Infertility is perhaps the best studied, most complex, and enigmatically still one of the most controversial aspects of varicoceles and urology in general. From a population perspective, 16% of men with confirmed fertility (i.e. fathered at least one child) had a varicocele at the time of vasectomy [14] . Others have shown that most men with a varicocele have normal semen parameters [3] , suggesting a complex interplay between infertility and the presence of a varicocele. Despite these statistics, the link between infertility and varicoceles has been well documented for >50 years and a great deal of correlative data have been published. Importantly, however, subclinical varicoceles (those impalpable on examination and identified only radiologically) do not appear to have clinically significant effects on semen parameters. A well-executed prospective randomised trial of 68 patients with subclinical left varicoceles showed no improvement in either semen parameters or paternity rates with ligation [15] . Whilst the study was probably underpowered to detect subtle changes, the data currently support the notion that subclinical varicoceles should not be treated.
Hormonal effects
The hormonal effects of the varicocele were first postulated >150 years ago, when Curling noted a 'decrease in the secreting powers of the gland' [8] . Whilst much of the negative effects on spermatogenesis can be attributed to Sertoli cell and germ cell insults, the hormonal effects of varicoceles suggest a pantesticular effect that includes Leydig cells and impaired testosterone production. Interestingly, the historical data have produced conflicting results on whether the presence of a varicocele is associated with hypogonadism. However, a recent meta-analysis by Li et al. [16] showed baseline diminished testosterone production in men with varicoceles and subsequent improvement with varicocelectomy. In contrast, one of the largest series to date failed to identify a correlation between varicocele of any grade and either total or free testosterone levels in healthy young males [3] . However, this study did identify clear differences in nearly every other serum hormonal parameter studied, including FSH, LH, and inhibin B. Taken together, the data suggest several hypotheses. First, perhaps the changes in testosterone production with a varicocele occur gradually in the setting of ongoing chronic Leydig cell stress and only manifest as hypogonadism in older men beyond their prime reproductive years. Alternatively, perhaps a subset of patients with a varicocele may be predisposed to exaggerated effects on hormonal production; it is likely that, if true, this population could benefit most from varicocelectomy (at least from an endocrine perspective).
Mechanisms of testicular dysfunction
Anatomical and genetic components Historically, the testicular dysfunction associated with a varicocele was thought to be predominately structural in nature. Early anatomical studies showed that gonadal veins associated with a varicocele lacked anti-reflux valves responsible for preventing retrograde flow and reflux. Work from the radiology literature has shown that in healthy men, 40% had incompetent valves on the left, compared to 23% on the right [17] . These findings contributed to the notion that elevated venous pressure plays a key role in the pathophysiology of the varicocele. These anatomical findings may also correlate to a genetic component. A genetic study in 2005 examined first-degree relatives of men with a varicocele and found that 57% also had a clinically palpable varicocele, as compared to 7% in the control group [18] . Taken together, these data suggest a genetic and/or anatomical link underlying at least some of the biological consequences of having a varicocele.
Hyperthermia
A critical component of spermatogenesis is the maintenance of the proper testicular temperature 2°C below body temperature. Disruption of this relatively cool environment by external influences, e.g. hot tubs, has been proposed to impair spermatogenesis and contribute to infertility. The mechanism by which the male genitalia control this delicate temperature balance was first proposed by Dahl and Herrick [19] in 1959. Briefly, this phenomenon relies on a counter-current heat exchange system via closely approximated arteries and veins, which allows heat from the arterial flow to escape and warm the venous flow and keep the scrotum cooler. Work by Zorgniotti and Macleod [20] showed a 0.6°C difference in oligospermic patients with varicoceles as compared to controls. Subsequent studies with refined techniques and intratesticular temperature measurements showed an even larger difference reaching 2-3°C in magnitude [21] . When considering rapid heat exchange that occurs across the scrotal septum, this mechanism is also concordant with the notion that a unilateral pathology results in bilateral dysfunction. The precise molecular pathway by which temperature so profoundly affects spermatogenesis is not entirely known, but evolving research suggests that heat shock proteins (HSPs) may play a key role in this phenomenon. These proteins are highly conserved proteins that assist in protein folding and stress response. HSPA2, a chaperone for cytoplasmic and mitochondrial proteins, has been shown to be critical in the prevention of apoptosis, and men with oligospermia and varicoceles have been shown to have significantly decreased expression relative to men with varicocele and normal sperm concentrations [22] . Hosseinifar et al. [23] used a proteomics approach to compare pre-and post-varicocelectomy protein expression in 20 men desiring surgical management for a grade 3 varicocele. Three proteins were differentially downregulated in the presence of a varicocele, and one of these proteins was HSPA5. In summary, these studies suggest that hyperthermia induces a stress-state within the testicle and alters gene expression, predisposing cells to apoptosis.
Hypoxia
Despite being a relatively well-vascularised organ, the testicle could conceivably become hypoxic if the venous backpressure exceeds the arterial inflow pressure, limiting flow and oxygenation. Unlike the acute ischaemia accompanying testicular torsion, hypoxia from a varicocele is a chronic process and results in compensatory changes within the testicle. The best-studied gene within this domain is hypoxia-inducible factor-1a (HIF1A), a transcription factor involved in erythropoiesis, angiogenesis, and mitochondrial respiration. Work in the mid-2000s by several groups showed that HIF1A and vascular endothelial growth factor (VEGF, another angiogenic protein) are both significantly upregulated in the presence of a varicocele [24, 25] .
Oxidative stress and reactive oxygen species (ROS)
It is now well recognised that oxidative stress plays a significant role in spermatogenesis and semen analysis parameters. The first implication of ROS in the setting of a varicocele was published in 1999, when Hendin et al. [26] reported elevated ROS in both fertile and infertile men with varicocele. This work was further validated in a subsequent meta-analysis [27] . The mechanism underlying this finding can be at least partially attributed to a disequilibrium between ROS and ROSscavenging mechanisms within the walls of varicose veins [28] and varicoceles in particular [29] . The grade of varicocele appears to linearly correlate with the degree of ROS production, as well as the impairment on sperm quality, but this does not necessarily correlate with testicular size [30] . It appears that varicocelectomy has a significant beneficial effect on improving the oxidative environment by decreasing ROS and allowing antioxidant levels to increase [31] . Further work has shown that these parameters normalise to levels comparable with controls [32] , suggesting that the oxidative stress aspect of varicoceles can be reversible with treatment.
Other hypothesised mechanisms Given the numerous conflicting reports and lack of a unified hypothesis to explain the pathophysiology of the varicocele, several other hypotheses have been put forth. These include the compromise of the blood-testis barrier [33] , adrenal metabolite reflux [34] , and impaired spermatogenesis due to hormonal imbalance. Despite these preliminary studies, it remains to be seen whether these less-understood phenomena play a significant role in testicular dysfunction with a varicocele.
Clinical presentation
Varicoceles are commonly identified in one of three presentations. First, young males presenting for routine examination are noted to have an asymptomatic varicocele on physical examination. Second, men of reproductive age note difficulty with conception and present to their fertility specialist with a history of primary infertility and a clinically relevant varicocele is noted. Finally, middle-aged men occasionally present with chronic orchidalgia refractory to conservative measures and are diagnosed with a varicocele (which may or may not be related to their symptoms). In any of these cases, further clinical investigation is warranted before pursuing surveillance or treatment.
Diagnosis History and physical examination
The most important diagnostic consideration in the identification and evaluation of a varicocele is a careful history and physical examination. Whilst more advanced diagnostic methods, e.g. imaging, can often identify subclinical varicoceles, much of the management decisions hinge upon whether the varicocele is palpable by a careful examination by an experienced clinician. Men should ideally be examined in a warm environment, and some clinicians even advocate for extrinsic heat via heating pads to maximally relax the scrotum. The patient should be examined in both the upright and recumbent positions, and any varicocele that does not reduce in the supine position may be concerning for precipitating pathology, such as retroperitoneal neoplasms. The addition of a Valsalva manoeuvre to the examination allows for exaggerated venous congestion and is necessary for accurate grading. Orchidometry may also play a role in objectively assessing for testicular volume and may be nearly as accurate as ultrasonography (US) in this regard according to a recent study, which noted a 97.8% concordance to within 10% of measured volume on orchidometry vs US [35] .
Imaging Unlike many areas of urology, imaging does not play a primary role in the diagnosis and management of varicoceles and is reserved only for specific clinical scenarios. US has become the most widely used imaging method for the diagnosis of testicular pathologies. Colour Doppler US in particular offers good spatial resolution and identification of venous congestion, and studies have shown good concordance with physical examination in this regard [36] . However, US is not indicated for routine varicocele diagnosis, and physical examination remains the 'gold standard' and should be the primary factor driving management decisions. However, US can be useful in particular clinical scenarios where the physical examination is limited (e.g. challenging body habitus or thick scrotal skin). The primary concern with US is the over diagnosis of subclinical varicoceles, which have been shown to have little or no effect on semen quality [15] .
Prior to the widespread use of US, venography was widely used for both diagnostic and therapeutic purposes. The technique is performed using the Seldinger technique to place a catheter from the internal jugular or femoral vein into the testicular vein and injecting contrast to assess for reflux. If present, the varicocele can then be simultaneously treated using embolisation. Whilst the test is widely considered to be the most sensitive test to diagnose a varicocele, it suffers from poor specificity, high variability between providers, and invasiveness, and should be only offered in select circumstances.
Grading
Numerous grading schemas have been developed for the quantitative grading of varicoceles [36] . The most common clinical grading scale was developed by Dubin and Amelar [37] (Table 1 [37, 38] ) and stratifies the lesion based upon whether the varicocele is palpable or visible with or without a Valsalva manoeuvre. Radiographic grades via US are most commonly assigned within the Sarteschi classification [38] (Table 1) , although Chiou et al. [36] have proposed a modified scale designed to more closely approximate clinical grading and physical examination findings.
Indications for repair Infertility
According to the AUA Best Practice Statement on Varicocele and Infertility, treatment should only be offered for men with palpable varicoceles and abnormal semen parameters [39] . If the patient is actively attempting to conceive, varicocelectomy should only be offered if the partner has normal or potentially correctable infertility conditions (or he currently has no partner and wishes fertility in the future).
Adolescents
The adolescent male population with a clinical varicocele remains controversial with regard to management approaches. Clearly not all young men with a varicocele require treatment, and yet the development of testicular atrophy undoubtedly contributes to the growing population of men with infertility. The data to date are fairly convincing that testicular volume in these young men improves after repair [40, 41] , suggesting that early intervention may be beneficial from a patient and an epidemiological standpoint. As a result, current guidelines suggest that young men with the presence of a varicocele should be monitored carefully and should be offered treatment only if there is objective evidence of reduced ipsilateral testicular size or abnormal semen parameters. Despite this recommendation, there are still conflicting data on whether adolescent repair confers a fertility ben- efit. On one hand, Bogaert et al. [42] retrospectively saw no difference in fertility rates between patients who underwent repair as an adolescent and those who did not. On the other hand, Ç ayan et al. [43] saw a dramatic increase in fertility rates in men who underwent adolescent varicocelectomy. Given these contradictory findings, a prospective randomised trial will likely be necessary to address this question.
Pain
Chronic orchidalgia represents a difficult diagnostic and therapeutic dilemma, and the presence of a varicocele can confound this to a degree. Whilst some men who ultimately undergo varicocelectomy will have improvement or resolution of their symptoms [10] , not all men benefit from the intervention. Based upon this, chronic pain can be an indication for repair, but only after conservative measures are exhausted and a thorough discussion has occurred with the patient about the risks and benefits.
Bilateral varicocele
Up to 50% of men with unilateral varicocele will ultimately be diagnosed with bilateral disease. Scherr and Goldstein [113] studied this population by performing either unilateral or bilateral repairs in men with a grade II or III left varicocele and a grade I or higher right varicocele. They found that patients undergoing bilateral repair had significant improvements in semen analysis parameters, suggesting that if unilateral repair is indicated otherwise, patients with bilateral clinical disease should be offered bilateral repair from an infertility standpoint.
Surgical treatment Historical
Surgical management for varicoceles was first described in 25-35 AD by Celsus, who applied crude suture ligatures and thin cauterising irons to manage dilated scrotal veins. Numerous other surgeons subsequently described techniques involving venous ligature, cauterisation, and even partial scrotectomy for increased 'inner support' of the testicle [8] . The first series in the modern era was published by Barwell [44] in 1885, who reported in The Lancet his series of 100 cases treated with a wire loop placed around the dilated veins and the subsequent improvement in testicular size. Numerous other surgical approaches have been described, each with benefits and drawbacks.
Open surgical approaches
A variety of open surgical techniques have been described (Fig. 3 ). Due to a high rate of testicular artery damage and/or hydrocoele formation, the scrotal approach is a historical operation that is rarely employed in the modern era and has been replaced by safer and more reliable approaches. The retroperitoneal high ligation technique, known as the Palomo approach [45] , utilises a horizontal incision medial to the anterior superior iliac spine. This approach enables identification of the internal spermatic vein before extensive branching, which theoretically could reduce the recurrence rate. This approach can be performed with or without arterial ligation. Disadvantages include: increased pain due to the additional necessary tissue dissection, higher hydrocoele rates, and an inability to identify the external spermatic veins resulting in increased recurrences. The inguinal (also known as Ivanissevich [46] ) approach is a traditional surgical dissection in familiar anatomy, but the inguinal canal dissection requires fascial incision and increases the risk of pain and hernia formation, as well as inadvertent damage to the ilioinguinal nerve. More recently, the subinguinal (Goldstein) approach has gained popularity as a safe and effective operation. Benefits include a shorter recovery and less pain than the inguinal approach (probably due to the lack of fascial violation). Disadvantages include a longer operative time [47] , presumably due to the slightly less intuitive anatomy. 
Laparoscopic repair
The laparoscopic intraperitoneal approach, introduced by Sanchez-de-Badajoz et al. [48] in 1990 utilises a transperitoneal intra-abdominal approach, which offers several advantages including increased efficiency for bilateral surgery and relatively short operating times. The approach involves placement of laparoscopic ports in the abdomen, identifying the inguinal ring and the spermatic cord contents, and selectively ligating the gonadal veins, whilst leaving the arterial blood supply intact. However, this approach is an intra-abdominal procedure and carries a small added risk for complications, e.g. visceral injury from trocar placement.
Microsurgical technique
The microscopic approach, first published by Marmar et al. [49] in 1985 and further refined by Goldstein et al. [50] , involves a subinguinal approach to the cord and offers a high success rate and minimal postoperative pain at the expense of requiring an operating microscope and comfort with microsurgical techniques. Due to the anatomy of this venous plexus, the average number of vessels that must be controlled at this level is higher as compared to the inguinal canal.
Endovascular approaches
In stark contrast to surgical management, the Tauber approach [51] utilises antegrade injection of a sclerosing agent directly into the pampiniform plexus via a small incision. This technique is straightforward, relatively painless, and carries relatively minimal risk. The retrograde sclerotherapy or coil embolisation approach avoids surgical incisions entirely and instead relies on retrograde cannulation of the testicular vein and injection of the appropriate agent to cause venous obstruction. Disadvantages to these techniques include a relatively high rate of recurrence of up to 15% [52] and the necessity for experienced interventional radiology or urology providers.
Surgical complications
Regardless of the approach, the complications after surgical or percutaneous intervention are relatively similar. Postoperative pain and haematoma can occur to varying degrees but typically improve or resolve over time.
Hydrocoele formation, typically attributed to the ligation of lymphatics, can be problematic and occurs with varying frequency depending on the specific surgical approach (Table 2 [ ). Likewise, the recurrence of the varicocele can occur with any surgical or percutaneous intervention (Table 2 ). In summarising the collective surgical literature to date, the risk of hydrocoele formation appears to be lowest with the microsurgical subinguinal approach (0.6%). This is followed by the open inguinal (5.3%), laparoscopic (6.7%), and finally is highest with the retroperitoneal (7.5%) approach (Table 2) . Similarly, the microscopic subinguinal repair is associated with the lowest rate of recurrence and/or technical failure at 1.2% of cases, whereas the highest failure rate is associated with retroperitoneal repair (12.6%). Taken together, these data suggest that the microsurgical subinguinal technique carries the lowest risk of hydrocoele and varicocele recurrence and may represent the optimal surgical strategy in experienced hands.
Outcomes Fertility outcomes
Numerous retrospective and prospective studies have now been completed regarding the effects of varicocelectomy on semen quality and fertility. The first trial that attempted to definitively answer this question was a randomised controlled trial published by Nieschlag et al. [53] in 1998. This study was plagued by poor patient accrual and completion rates and by differences in baseline epidemiological characteristics (including the age of the female partner) between groups. The study found no difference in spontaneous pregnancy rates between observation and intervention groups. A series of Cochrane Review manuscripts were then published based upon this and other studies, and failed to show a significant difference in pregnancy rates for patients undergoing varicocelectomy [54, 55] . Notably, however, these studies included men with subclinical varicoceles, which have been shown to have no bearing on fertility. Subsequently, several other meta-analyses that focused on the impact on varicocelectomy on semen parameters in men with clinically relevant varicoceles [56] [57] [58] uniformly reported improved sperm concentration, motility, and morphology compared to observation. Abdel-Meguid et al. [59] then reported data from a randomised controlled trial involving 145 infertile participants with palpable varicoceles and abnormal semen analysis randomised to observation or varicocelectomy. The study followed up these men for 12 months and noted a statistically significant increase in spontaneous pregnancy rates (the primary endpoint) in the varicocelectomy group with an odds ratio of 3.04. Motivated by these results, a follow up Cochrane review in 2012 [60] analysed data from nearly 900 men from 10 studies and showed an improvement in spontaneous pregnancy rates, which was even more robust if subclinical varicoceles were removed in a subgroup analysis with a number needed to treat of 17. The study noted that the data interpretation was still limited by high study heterogeneity and low quality evidence. Taken together, these data increasingly suggest a reproducible positive benefit for varicocelectomy for infertile men, although the benefit remains less substantial than what was initially expected. In comparing the spontaneous pregnancy Table 2 Varicocelectomy infertility and complications outcomes by surgical approach.
Varicocele management for infertility and pain: A systematic reviewrates associated with varicocele repair, the microscopic subinguinal approach appears to convey the greatest positive benefit, with 41% of postoperative patients achieving spontaneous pregnancy (Table 2) .
Pain
Varicocelectomy for chronic orchidalgia has been studied less intensely than for infertility indications, but nevertheless a growing number of studies are beginning to shed light on this indication. The first large study was completed and published in 2000 and enrolled 119 men who underwent varicocelectomy for pain [61] . The study reported an 88% complete response rate and a 5% partial response. Several other more recent smaller studies appear to corroborate the relatively high success rate of these early studies [62] [63] [64] . A recent review paper has elegantly summarised these results, and taken together the success rate for varicocelectomy in patients with orchidalgia approaches 90% [10] . In stratifying these collective data by surgical approach, the highest pain-free rates to date have been reported with the subinguinal microscopic approach ( Table 3) . The inguinal and retroperitoneal approaches appear to be slightly less effective, with 75% and 76% of men reporting improvement in pain, respectively (Table 3  [ [61] [62] [63] [64] [102] [103] [104] [105] [106] [107] [108] [109] [110] [111] [112] ). In summary, the data seem to suggest a robust improvement in orchidalgia in most carefully selected patients who have previously failed conservative management.
Hormonal effects
Perhaps the least studied indication for varicocelectomy is hypogonadism. Nevertheless several studies [65] [66] [67] [68] [69] have shown robust increases in serum testosterone, particularly in hypogonadal men, after repair. Whilst further prospective randomised controlled studies are necessary, these data suggest that perhaps hypogonadism may represent another indication for varicocelectomy in the properly selected patient.
Conclusions
From its original description 2 millennia ago, our understanding of varicoceles has transformed from a poorly defined oddity to a well-characterised condition with increasingly clear indications for conservative and surgical management. Despite the multitude of studies and data describing the various management options and the impact on fertility, pain, and hypogonadism, controversy still exists in several key areas. The precise mechanism (or more accurately mechanisms) contributing to varicocele-induced infertility and their relative contributions remains elusive. The role of elective varicocelectomy in the hypogonadal man also remains to be fully elucidated and validated. Finally, one of the greatest challenges remaining from an infertility standpoint centres on the fact that up to 25% of men with grade 2 and 17% of men with grade 3 varicocele have high semen quality [3] , and simultaneously only a minority of men who undergo a varicocelectomy will subsequently contribute to a spontaneous pregnancy. Moving forward, it will be important to better understand this heterogeneity and better stratify men into those likely to benefit from intervention, and those unlikely to do so.
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